This paper analyzes the impact from macroeconomic news announcements on risk premia on bond yields using high-frequency data. A new method is proposed for the identi…cation of the fundamental part using risk adjusted money market futures. Consequently, we are able to identify the behaviour of both the fundamental part and the risk premia. Our results suggest that changes in risk premia react asymmetric to news while expectations of future short rates react symmetrically. 
Introduction
Why do bond markets react di¤erently to negative and positive macroeconomic news? Our answer is asymmetric responses in the term premia. We …nd that changes in the term premia reacts asymmetrically to information about the economy across various macroeconomic news announcements at longer maturities: Positive news leads to increases in the risk premia, where as negative news impacts the risk premia less or even causes it to increase.
At the same time, positive (negative) news increases (decreases) the fundamental economic component of bond yields. The asymmetric reaction of the term premia result is contrasted by our …nding that the reaction in the fundamental economic component of bond yields is symmetric. These two results taken together explain why bond yields overall react asymmetrically to positive and negative macroeconomic news as described in Andersen, Bollerslev, Diebold, and Vega (2003) .
We believe to be the …rst to address the behavior of the intraday term premia in a high-frequency framework. To do so we propose a theoretically motivated approach of extracting the risk premia for longer-dated bonds based on changes in the monetary policy path, which in macroeconomic theory re ‡ects changes to economic fundamentals. This allows the identi…cation of the intraday risk premia.
Our results depend crucially on two identifying assumptions.
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The expectation hypothesis with a time-varying risk premia holds.
All fundamental economic information impacts solely through changes in the monetary policy path.
In empirical research, the existence of a time-varying risk premia is often given the blame when explaining the overwhelming empirical evidence rejecting the expectation hypothesis. For instance Tzavalis and Wickens (1997) and Dai and Singleton (2002) -using di¤erent approaches -…nd support for 1), but others, such as Bekaert and Hodrick (2001) and Thornton (2006) note that such approaches requires a very large variability in the term premia. Whether one can claim that the expectation hypothesis holds when accounting for a time-varying risk premia is however an open question. We …nd no compelling evidence against this, quite the contrary, ample theoretical evidence, as documented later in the theoretical part of this paper, in support of the hypothesis. We consequently make use of the assumption in our identi…cation procedure, but realize that this might be a controversial choice.
The second assumption is fairly standard in most macroeconomic models.
For instance in DSGE models, where all available information is incorporated into the monetary policy path; the monetary path being the monetary policy interest rate set by the central bank from today and into the future.
This directly implies that expected monetary policy path is an indicator for market participants view on the economy. Any incoming information about 3 the economy will swiftly be incorporated into the expected monetary policy path. Therefore changes in the monetary policy path as a result of new macroeconomic information is very likely to be a good indicator for changes to fundamental macroeconomic expectations.
While previously neglected in macroeconomics, focus has lately moved away from fundamentals and on to the risk premia, see e.g. Alvarez, Atkeson, and Kehoe (2007) , Alvarez, Atkeson, and Kehoe (2008) , and Cochrane (2001) , motivating the analysis in this paper. The provocative view of Alvarez, Atkeson, and Kehoe (2007) , as an extreme example, is that moves in response to monetary policy shocks is neither in ‡ation nor output but risk premia. This in turn implies a new modelling strategy for monetary models, namely a more thorough examination of the model properties of risk premia, for an example of the analysis of risk premia and macroeconomics, see Rudebusch, Sack, and Swanson (2007) , , and Pedersen (2008) . It also implies a need for a deeper empirical analysis of what a¤ect risk and address the relative importance of fundamentals and risk premia. This paper address exactly these issues using bond market data.
Our paper is most similar to Beechey (2007) . She decomposes the U.S. curve on daily data using an a¢ ne term structure approach with a …tted time-varying risk premia. With this approach, she …nds that movements from macroeconomic announcements in the term premia, and not expected future short rates, account for most of the reaction of forward rates at long 4 horizons. Term premia accounts for about 75 per cent of the reaction of nominal forward rates in the long end of the yield curve suggesting that the fundamental part in the U.S. yield curve are reasonably well anchored. Beechey (2007) …nds that weaker-than-expected in ‡ation and real-side news are associated with lower term premia.
In this paper we extend the analysis of Beechey (2007) Secondly, we depart from the a¢ ne term structure approach and use a theoretical derived decomposition, that is changes in the monetary policy path as a proxy for fundamentals, as suggested by standard macro models.
The a¢ ne term structure approach is di¢ cult to implement on intraday data, at least for the entire yield curve. 1 In order to separate our analysis from the …nancial crisis and especially the money market turmoil, we use data until the time of the Bear Stearns collapse. 2 We tried to estimate an a¢ ne term structure for both bond yields with short maturities and longer maturies. However, this approach is extremely cumbersome for datasets with more than 200.000 observations. Further, the …t of our model where unsatisfactory. We Piazzesi and Swanson (2008) document relatively large excess returns on federal funds futures and thereby indicate that also money market futures contracts contain a non-negliable term premia. In order to account for the risk in money market yields, a 1-factor a¢ ne term structure model with a time-varying risk premia is …tted on the money market data. This gives us a risk-adjusted money market curve and thereby the expected risk-free monetary policy path.
The remainder of the paper is structured as follows. Section 2 gives our theoretical motivation for our decomposition. Section 3 examine the issue empirically, speci…cally section 3.1 describes the data used in this study, section 3.2 describes our method for extracting risk premia from the short end of the yield curve. This gives us a risk-adjusted path of monetary policy and thereby a good approximation for the expectation of the fundamental economic information contained in the yield curve. Finally in section 4 we decompose the market reaction at 2-, 5-and 10-year maturities from macroeconomic releases into a fundamental and a risk premia component and regress the changes in the components against the most important macroeconomic announcements. In section 5 we discuss the implications for macroeconomic modelling. Finally section 6 concludes.
have therefore stuck to the methodology as presented in the text.
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To derive the explicit theoretical decomposition of bond yields for our empirical analysis, we start with some notation. Let P n t denote the price at time t of a zero coupon bond with time-to-maturity n. Its log price is denoted by p n t , yields are de…ned from prices as y n t = 1 n p n t , and we denote the short rate of interest as i t = p 1 t : We denote the expected log-holding period return from holding an n-period bond for one period in excess of the risk free rate of interest as
All variables as nominal unless stated otherwise. We assume all variables are jointly log-normal and complete markets such that a unique pricing kernel, M t+1 , prices all assets in the economy.
The short rate is set by a central bank according to an interest rule. The central bank rule aims to achieve the dual goals of keeping output, Y t , at its natural level, Y n t , and in ‡ation, t , at its target,
with @F=@ ( t ) > 0 and @F=@ (Y t Y n t ) < 0, see e.g., Gali (2008 ) or Woodford (2003 . As short rates are dependent on in ‡ation and the output gap, short rates therefore hinge on expectations of future macroeconomic 7 variables in this framework.
In appendix A we derive the following bond yield decomposition:
The …rst term in (3), ES Consequently, the second term captures movements in the risk premia.
The decomposition in equation (3) states that bond yields depend on expected future short rates.From (2) we know that this involves expectations of future macroeconomic variables, which in turn implies bond yields implicitly depend upon expected future macroeconomic variables and thus fundamentals. In addition, investors demand a time varying risk premia to compensate for the uncertainty related to the expected monetary policy path.
Decomposition (3) assumes the expectations hypothesis (EH) holds once bond yields are adjusted for risk premia. We thus assume that the empirical failure of the EH is due solely to non constant risk premia following both theory and the empirical analysis in Dai and Singleton (2002) .
8
We want to decompose bond yield spreads into fundamentals and a risk premium, and be able to say something about the relationships between these terms and macroeconomic announcements at the same time. The idea is to estimate the impact from a vector of US news announcement surprises, N t , on y n t , T P , and ES. In order to detect any asymmetric e¤ects stemming from positive and negative releases, the use of a dummy for negative surprises,
is used as well in the following regressions:
The overall yield impact regression
the risk premia regression
and the fundamental regression
where the x operator denotes 20 minute changes in x.
The regression setup is similar to the setup used in other announcement 9 studies, see for instance Faust, Rogers, Wang, and Wright (2007) . 3 We consider the changes in yields, term premia and fundamentals around the announcement for three maturities, n = 2; 5 and 10 and for 8 of the most important US releases, CPI, Factory Orders, Industrial Production, Initial
Jobless Claims, ISM Manufacturing, Non-farm Payroll, Philidelphia Fed and Retail Sales. Consequently we estimate 8 regressions for each bond maturity with di¤ering macroeconomic announcements using both US bond yields -a total of 24 regressions.
In order to estimate the three regressions above, either the term premia or the fundamentals needs to be identi…ed. As we saw in the previous section, the fundamental part, ES n t , can be identi…ed as the sum of expected short rates. In practise this is however not easily accomplished. Two main obstacles prevent this.
Firstly, as noted earlier, Piazzesi and Swanson (2008) …nd that also shortterm rates can contain substantial risk premia. To employ the decomposition for long rates, a decomposition for short rates is consequently also needed. To adjust for the risk premia on short rates, we estimate a a¢ ne term structure model with a time-varying risk premia. The method and results from this decomposition is given in section 3.2.
Secondly, and probably more importantly, the fundamental part, ES n t ,
consists of all short rates. For a 10-year bond, this would consist of all short rates for a 10-year period. However, as the main impact of changes to the monetary policy path is likely to be in the …rst part of the yield curve, we approximate the ES n t component with 12-month rates. This is only an approximation, albeit a plausible one, and has the consequence, that all changes beyond what is induced by changes at the 12-month rate becomes term premia. 4 This is where our two assumptions of i) the expectation hypothesis
and ii) that fundamental economic information only impacts through the monetary policy comes into play.
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With the data and risk-adjusted money market rates at hand, the regressions (4), (5) and (6) can now be implemented. The results of the regressions is reported in section 4.
Data
To obtain accurate measures of the bond market response to macroeconomic announcements the use of high-frequency data is essential. All the bondand money market data used in this study is therefore intraday data. All high-frequency data, i.e. money market interest rate and bond yields 6 , are based on futures contract data from TickData Inc. We use US interest rates and bond yields at 3-, 6-, 9-and 12-month, 2-, 5-and 10-year horizons and announcements for 8 selected US announcements. Prices on the US 2-, 5-and 10-year government futures contracts are converted into yields. The conversion is based on the internal rate of return using an exact maturity of 2, 5 and 10 years and the coupon rate on the futures contract, typically 6%. This is contrary to the use of returns in most other papers. The use of yields has the advantage of allowing a more direct comparison across maturities, as the return impact is considerably di¤erent across maturities due to di¤erences in duration.
7 One observation was deleted as this was distorted by an external event, Hurricane Katrina. The markets did not react to this release due to this distortion. 8 The GDP (Advance) release is not considered, as this is only released quarterly.
12 and the actual release is from Bloomberg. The data is similar to that used in Andersson, Overby, and Sebestyén (2009) .
The selected indicators are those that tend to have the highest market impact in previous studies, as found in for instance Bartolini, Goldberg, and Sacarny (2008) . They note that the non-farm payroll report and ISM manufacturing tend to have the strongest impact on US asset prices. This is also con…rmed by our …ndings later on in the paper. The news vector N t consists of the standardized surprises.
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The 3-month Eurodollar futures contract is used to determine the expected US monetary policy path, as this contract is based on the 3-month deposit rates (LIBOR) and thereby an excellent approximation for actual money market rates. From the Eurodollar futures contract, 12-month money market rates are constructed. 
Money Market Decomposition
The use of a a¢ ne term structure is relatively standard and is done among others by Rudebusch, Sack, and Swanson (2007) , Kim and Wright (2005) , and Cochrane and Piazzesi (2006) . The identi…cation of a fundamentals component is crucial to our analysis and in order to ensure robustness, a 9 The standardised surprise is de…ned as S =
Actual Survey
St:dev(Actual Survey) , where Actual and Survey is respectively the actual number released and the survey observed on Bloomberg. See Kuttner (2001) for a further description.
10 A more thorough description of the method used for the calculation of money market yields is available upon request.
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variety of term structure models is speci…ed. The results are independent of the chosen speci…cation and consequently we have adopted the simplest possible approach of …tting a one-factor a¢ ne term structure model. We interpret short rates as expectations of fundamentals and we approximate these interest rates by the futures contract. These future contracts are a way to lock in a 3-month loan today starting in, say, 6 months. Two points are clear for these contracts. Three month interest rates are closely correlated with monetary policy rates, that is the Federal Fund Rate (FFR), making these futures contracts an instrument to identify the ES n t -part of (3).
However, the money market futures contract contain a risk premium in part due to the uncertainty related to future monetary policy and we therefore need to adjust for these risk premia.
We obviously face another identi…cation problem, as we only have futures prices to identify both the risk premia and the expectations part in the money market rate. We solve this problem by estimating an a¢ ne term structure model for a panel of the future contract consisting of the 3, 6, 9 and 12 month future. We decompose the estimated futures into an expectations part related to fundamentals, ES n mm;t , and a risk premia part re ‡ecting risk premia in the futures contract, T P n mm;t , as in (3). We thus use y n t ES n t as risk adjusted futures contract which we henceforth denote risk adjusted fundamentals. The estimation follows Ang and Piazzesi (2003) , Dai and Singleton (2002) and Du¢ e and Kan (1996) . The technical details are available upon request. The main results from the estimation of the a¢ ne term structure model are given below.
Estimates and results
The model has a relatively good …t with quite small mean …tting errors (around 0.2 basis points), see …gure 1. This provides evidence in favour of our one-factor model. Figure 2 shows the panel of estimated term premia, T P n mm;t . These are both in absolute terms and relative to the money market rates small. The average risk premia is around 15 basis point at a 12-month horizon. This corresponds very well to the 'rule of thumb'used in the Federal
Reserve, see Piazzesi and Swanson (2008) , which states that the average risk premia is around 1 basis point pr. month + 3 basis points 15 basis points for a 12-month horizon.
<Insert …gure 1 and 2> However, the time-variability is very large. Under the bursting of the dot-com bubble and the more recent sub-prime crisis, risk premia has increased considerably. Figure 3 and 4 shows that the term premia, T P n mm;t , contribute relatively little to the level of money market rates. They are, however, non-negliable and would, if not taken into account, give biased estimates in regressions (4), (5) and (6). the journal.
Using the risk adjusted monetary path derived in the previous section, the fundamental news reaction can now easily be derived -hence we have identi…ed the ES n t term in (3). This allows us to estimate regressions (4), (5) and (6). The results of these regressions for respectively 2-, 5-and 10-year bond yields on US data are given in the below tables.
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< Insert table 1, 2 and 3>
The overall picture can be summarized as follows. Firstly, the impact on the yield curve is on average greater when positive news is released than for negative news, thus causing an asymmetric response at longer maturities.
Secondly, this asymmetry is explained by the term premia part of the yield curve, again mainly at longer maturities. Thirdly, the size of risk premia response from news in the yield curve is non-negible. Finally, the risk premia appear anchored at longer maturies, causing term premia to ‡uctuate more at shorter maturities. 12 In order to ensure robustness of the results, we considered a number of alternative speci…cations. Firstly, we considered a number of di¤erent model speci…cations on the extraction of money market risk premia. The overall results did not qualitatively di¤er with other speci…cations. Secondly, a volatility equation was added to the regressions, aimed at taking care of asymmetric e¤ects in volatility. There were some signs of asymmetric volatility e¤ects, but again it did not change our conclusions.
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The quantitative impact from the announcements di¤er across maturities.
Speci…cally, news moves the yield curve relatively more in the short end of the curve than in the long end, which again is linked to larger responses in the term premia. The uneven response to news suggests that term premia is more well-anchored at longer maturities.
Across the di¤erent announcements, a pattern of aymmetry does emerge.
There is no statistical signi…cant asymmetry at the 2-year maturity, but only at 5-and 10-year maturities. Retail Sales is the only release, at 5-and 10-year maturities, where there is the asymmetry is present in the overall yield response. However, for the risk component, the asymmetry e¤ect is statistically signi…cant at the 5-year maturity for Retail Sales and Philadelphia Looking at the numbers from an economic perspective, the e¤ect becomes even more pronounced. The coe¢ cient capturing the asymmetry is negative for all releases at 5-and 10-year maturities, except for two announcements with the overall smallest news e¤ects, Industrial Production and Initial Jobless Claims. The pattern of asymmetry is therefore consistent, both overall, but also at the risk level.
The magnitude of the risk premia response of overall response also deserves some attention. For positive surprises, about 25% to 40% of the overall response is risk premia for the 4 announcements with the highest overall impact (Non-farm Payroll, ISM Manufacturing, Retail Sales and Philadelphia Fed). This is somewhat lower than the share suggested by Beechey (2007) , which probably is due to her use of daily measures.
The asymmetry of the reaction is relatively large. As an example consider the impact on 10-year yields following the release of the non-farm payroll number. A one standard deviation surprise in the non-farm payroll release, i.e. about 100.000 new workers above or below the consensus, causes the yield curve to decrease around 3.1 basis points on a negative surprise and increase Our results clearly link the information content of macroeconomic variables to responses in the term premia and note that risk premia on average play a non-negible part in the yield curve.
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Our results suggest that up to 40% of the response in the yield curve to macroeconomic announcements is risk. Hence there is an endogenously wedge -in terms of a risk premia -between the bond market response predicted by macroeconomic models and the realized values. This may in part explain the so called excess volatility puzzle, see e.g., den Haan (1995) and Gurkaynak, Sack, and Swanson (2005) ; long term interest rates vary more to macroeconomic variables than what DSGE models predict it should for economies with quite stable in ‡ation and small movements in output.
The excess volatility puzzle implies the models do not get the end points in the economy correct, and as expectations are everything in modern macroeconomics, this implies DSGE models do not get short-run behavior correct as indicated in the discussion in Gurkaynak, Sack, and Swanson (2005) . The fundamental stance of the economy feeds back to the economy both through their direct determination of the long interest rate and its e¤ect upon the macroeconomy, but also through the impact of future fundamentals upon expectations of future macroeconomic variables today. The excess volatility observed in the long end of the yield curve can be attributed to the term premia, which breaks both the interrelationships between yields and relationship between long yields, the end points of the macroeconomic variables and expectations about them today. The long end of the yield curve is simply an unreliable source of information about the stance of the economy.
The standard paradigm in macroeconomics has so far been to simply to ignore risk premia, but both theory and our results points to that this ignorance of modelling risk premia is not innocuous, as also pointed out in Alvarez, Atkeson, and Kehoe (2007) . Furthermore it certainly warrants the approach to central banking advocated in Blinder (1998) : 'Estimate how much you need to tighten or loosen monetary policy to "get it right". Then do less'. Ignoring the risk premia is certainly not the way to go, the risk premia has an important role to play in future macroeconomic modelling.
Another implication of the results presented in this paper is that time variation in risk premia on …nancial assets can generate empirically plausible responses in bond yields to movements in macroeconomic variables. Furthermore, as shown in this paper, we are con…dent that term premia movements are signi…cantly in ‡uenced by movements in macroeconomic variables. These insights together suggest, …rstly, that risk premia should be incorporated into macroeconomic models, and, secondly, risk premia derived from …rst principles is the road ahead as risk premia do depend on key macroeconomic variables in a meaningful way. Also it would be preferable, that preferences allow for asymmetric movements in risk premia in response to movements in macroeconomic variables. This may hopefully also help solve other puzzles than the excess volatility puzzle. We leave a deeper analysis and modelling of risk premia in macroeconomic models to future research.
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The decomposition clearly shows the asymmetry stemming from the term premia. Furthermore, the e¤ects are particularly pronounced at longer maturities. Our decomposition method is crucial for obtaining this result. This clearly warrants some consideration, although it is remarkable that the assumptions behind the decomposition are standard in macroeconomic modelling.
The alternative of our approach is to estimate an a¢ ne term structure model for the entire yield curve. This however also has drawbacks. Firstly the method is clearly parametric and not based on any economic intuition. Secondly, the estimation becomes very cumbersome for large datasets. Finally, and probably most importantly, there are a number of parametric choices to be made, which all can be crucial for the actual outcome of the estimation. Therefore this approach is also not perfect.
We have intentionally not touched upon the drivers behind this asymmetry, as this appears very di¢ cult without a concrete modelling framework.
We however hope that our paper provides some inspiration for theoretical macro models, that may explain the asymmetric response in the bond risk premia.
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We start from the fundamental pricing relation for zero coupon bonds, see for instance Cambell, Lo, and MacKinlay (1997) ,
We then take logs of the expression, assume joint log-normality, and obtain
where m t+1 log(M t+1 ). Note, from this expression an explicit expression for the time-varying risk premia n t can be obtained as
By iterating (7) and by the use of the law of iterated expectations we get
The joint log-normality assumption implies that the (log) short rate of interest, i t , can be written as:
We de…ne risk premia as the premium part of realized excess returns; the di¤erence between the price of an asset, p t , and its payo¤ discounted with the risk free rate, or, equivalently
which reduces
if the payo¤, x t+1 , is the future price asset price, p t+1 . We have further introduced a consumption based discount factor, m t+1 , see e.g., Cochrane
.
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B Figures
Figure 1: Fit of the a¢ ne term structure model for money market yields. This …gure shows the …t of the a¢ ne term structure model estimated on the money market for the 3, 6-, 9 and the 12-month horizon together with the model implied …tting errors de…ned as the di¤erence between data and estimated yields. Details regarding a¢ ne term structure estimation is available upon request. (4), (5) and (6) with Newey-West robust standard errors in parenthesis. ***,**, and * denotes statistical signi…cance at the 1%, 5% and 10% level. N EG N o . O b s C P I 0 .0 4 6 7 -0 .6 9 8 2 1 .3 3 9 4 -1 .3 9 0 8 7 8 (1 .1 1 7 4 ) (1 .7 3 9 7 ) (2 .4 5 8 2 ) -Fu n d a m e nta ls 0 .0 4 2 4 0 .2 7 8 6 -0 .0 0 1 3 0 .6 9 1 2 (0 .5 5 7 4 ) (0 .7 6 8 9 ) (1 .1 1 2 3 ) -R isk 0 .1 0 2 9 -0 .9 7 6 8 1 .3 4 0 7 -2 .0 8 2 0 (0 .6 2 6 2 ) (0 .9 9 6 7 ) (1 .4 3 8 8 )
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